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ABSTRACT 
 
AAAneurysm Outreach Screening Data and Emergency Healthcare Accessibility in Louisiana: 
Identifying High-Risk Populations for Targeted Interventions 
by 
Amy M. Poole 
 
Abdominal aortic aneurysms are the third leading cause of sudden death in men 60 years and 
over. AAAneurysm Outreach provides free screenings to residents of Louisiana and beyond.  
Service areas were calculated for each AAAneurysm Outreach screening event location and 
stroke center. Data provided by the 2010 U.S. Census, the American Community Survey, and the 
Behavioral Risk Factor Surveillance System were used to describe demographics of the 
underserved populations and to identify high-risk areas for targeted interventions. Twenty-five 
percent of age-eligible Louisianans reside outside optimal drive-time-to-screening-event zones 
but within spatially clustered areas of increased prevalence rates. The maximum drive-time-to-
treatment zones excluded 1,395 residents 65 years and over from timely access to emergency 
medical care. Results revealed limitations in the geographic breadth of the screening program 
and small disparities in accessibility to emergency healthcare.  
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CHAPTER 1 
INTRODUCTION 
 
Abdominal aortic aneurysm (AAA) is a balloon-like bulge in the aorta, the large artery 
that carries blood from the heart through the chest and torso. It is estimated that more than one 
million people are living with an undiagnosed AAA (Upchurch, 2006; Li et al., 2013). 
Epidemiological studies on AAA between 1990 and 2010 showed a worldwide, annual increase 
in incidence rates, ranging from 4.2% to 11% (Li et al., 2013). The global mortality rate for the 
rupture of AAA (rAAA) is 80-90% (Li et al., 2013). These ruptures are partially or fully 
responsible for up to 30,000 deaths per year in the United States, representing the third leading 
cause of sudden death in men over 60 (Murphy et al., 2015). Previous research determined that 
travel-time-to-treatment was a determinative factor in survival of rAAA (Costantino et al., 2005; 
Nicholl et al., 2007; Busingye et al., 2011). While largely asymptomatic, this potentially fatal 
condition can be detected through ultrasonographic screening. 
 
Abdominal Aortic Aneurysm 
 
Aortic aneurysms are characterized by location, shape, and cause. Those located within 
the chest wall are thoracic, while those below the chest wall are abdominal, and those located 
below the kidneys are termed infrarenal aneurysms. Doctors describe aneurysms by shape. Most 
are fusiform and bulge or balloon out on all sides of the aorta. A smaller number of aneurysms 
only balloon out on one side and are called saccular. Stress on the weakened aortic wall can lead 
to rupture or dissection (separation of the layers of the aortic wall) and occurs in about two out of 
every 10,000 people. The presence of a dissection can ultimately lead to an aneurysm (Dueck et 
al., 2004; Fleming, 2005; Kent et al., 2010). While AAA can affect anyone, aneurysms are most 
11 
 
often seen in men ages 40 to 70 (Brown et al., 1996; Brewster et al., 2003; Aggarwal et al., 
2011). About two-thirds of people who have an aortic wall crisis are male. About 20% of all 
AAA eventually rupture (UCMC, 2015); however, aneurysms that are less than two inches (five 
centimeters) wide rarely rupture (Wassef et al., 2001; Vorp, 2007; Mohler, 2015). In addition to 
rupture, other complications from AAA include clots or debris that may also develop within a 
AAA, which can be carried to other areas in the body. This can result in blocked circulation, 
severe pain, and/or the possible loss of limb (Nishanian, 2016). 
 
Risk Factors. AAA disproportionately affects smokers, men over the age of 55 and 
women over the age of 60, hypertensive individuals, and people with a family history of the 
condition (AAAneurysm Outreach, 2015). Most AAA-related deaths occur in men younger than 
80 years of age and in women older than 80 (USPSTF, 2005). The risk of AAA is increased with 
certain diseases and behaviors that damage the heart and blood vessels. These include: high 
blood pressure, high cholesterol, atherosclerosis (hardened arteries), and smoking. A family 
history of AAA as well as some inherited connective tissue disorders, such as Marfan and 
Ehlers-Danlos syndromes, can also increase an individual’s risk (Aggarwal et al., 2011).  
 
AAA Pathophysiology 
 
The natural history of AAA is characterized by progressive dilation. Imaging procedures 
are performed to estimate the rate of enlargement and determine when repair is necessary. 
Increasing the incidence of rupture, aneurysmal enlargement (typically 2-8 millimeters per year) 
results in a recommendation of elective repair for AAA greater than 5 cm (Lederle et al., 2002; 
Cosford & Leng, 2007; Tan & Makaroun, 2007). While expansion rates vary, large aneurysms 
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generally expand faster than small aneurysms (Golledge et al., 2006). Histologically, AAA is 
characterized by destruction of elastin and collagen in the media and adventitia, smooth muscle 
cell loss with thinning of the medial wall, infiltration of lymphocytes and macrophages, and 
neovascularization (Lopez-Candales et al., 1997).  A National Heart, Lung and Blood Institute 
Request for Applications (HL-99-007) entitled “Pathogenesis of Abdominal Aortic Aneurysms” 
identified four mechanisms relevant to AAA formation: proteolytic degradation of aortic wall 
connective tissue, inflammation and immune responses, biomechanical wall stress, and 
molecular genetics (Wassef et al., 2001; Kent et al., 2004). While some pathogenic mechanisms 
for development, expansion, and rupture have been validated in animal models, the relative 
contribution of these mechanisms to AAA expansion and rupture in humans is still unclear 
(Mohler, 2015). The main risk factors associated with expansion and rupture of AAA include 
large aneurysm diameter, faster aortic expansion rate, and female gender (Aggarwal et al., 2011).  
 
AAA Pathophysiology and Gender While AAA is a male-dominated disease, women with 
AAA have a greater chance of missed diagnosis, and therefore a higher risk of rupture. Thirty-
three percent of rAAA hospitalizations and 41% of aortic aneurysm deaths are among women 
(Kent et al., 2010). Thresholds for intervention with regard to diameter and peak wall stress may 
require reevaluation that accounts for the well-documented sexual dimorphism of this disease 
(Chen et al., 1996; Brewster, 2003; Kent et al., 2010). Suggesting that a 5 cm diameter AAA in a 
woman has an equivalent rupture risk to a 6 cm diameter AAA in a man, the Aneurysm 
Detection and Management Study (ADAM), conducted at Veterans Affairs (VA) Medical 
Centers in the U.S., observed that the risk of rupture was four times as high among women as 
among men.  
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Researchers at participating VA Medical Centers concluded that the diameter threshold 
may be too high for women (Brewster, 2003). Lo et al. (2014) found that aneurysm diameter 
indexed to body size is the most important determinant of rupture for women, concluding that 
women with the greatest aortic dilation and the slightest frames are at increased risk of rupture. 
Additionally, women’s rAAA mortality is higher because of the barriers to surgical intervention 
presented by female anatomy, specifically shorter and more tortuous iliac aorta (Chen et al., 
1996). 
Fillinger et al. (2003) isolated another technique for predicting the fate of AAA utilizing 
wall stress analysis. The study suggested that sensitivity and specificity of peak wall stress were 
better predictors of rAAA than aortic diameter. With proportional hazards analysis, peak wall 
stress and gender were the only significant independent predictors of rupture with an increased 
relative risk of rupture, 25X and 3X, respectively (Fillinger et al., 2003). 
 
Sexual Dimorphism. While AAA is more common in men, death from rupture is more 
prevalent in women (Derubertis et al., 2007; Kent et al., 2010; Jahangir et al., 2015,). Several 
theories are proposed to explain this phenomenon: 1) high risk diameter size differs for women, 
thus the threshold for diagnosing AAA-based aortic diameter should be gender-specific and 
lowered for women (Sidloff et al., 2014), 2) peak wall stress rather than diameter of the aorta 
should be used as criteria for diagnosis (Astrand et al., 2005), and 3) height may play a role in 
rupture (Lo et al., 2014). Lo et al. (2014) established a formula-based scale that combines Body 
Mass Index and Body Surface Area to predict AAA, highlighting the theory that height may be 
an important consideration in relation to how it increases Body Surface Area. There is evidence 
to support the validity of these hypotheses; however, they do not explain why women have worse 
short- and long-term outcomes following surgical intervention (Norman & Powell, 2007).  
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Comparison of elective surgery versus emergency treatment for rupture shows that 
women have more post-operative complications and a higher mortality rate in both instances 
(Trial, 2002). The small, tortuous nature of women’s aortas, as well as stiffening of the aorta that 
appears to be more pronounced in women smokers, may be possible causes of this difference in 
rupture rates and survival outcomes (Kent et al., 2010).  
The CDC’s Wide-ranging Online Data for Epidemiologic Research (WONDER) provides 
mortality data for the years 1999 through 2014. Between these years in Louisiana, death 
certificates that listed rAAA as Underlying Cause of Death were issued for 487 women over the 
age of 55 and for 282 men over the age of 55. Data were suppressed for parishes that recorded 
less than 20 deaths.  These data support the assertion that the number of women who die from 
rAAA is greater than the number of men who died as a result of the same condition (Figure 1.1).   
   Figure 1.1: Death certificates listing rAAA as Underlying Cause of Death. 
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Additionally, the overall trend in deaths from rAAA for both males and females appears 
to show a decline along with the number of smokers. (Figure 1.2). 
Figure 1.2: Deaths resulting from rAAA displayed by year from 1999 through 2014.  
 
As smoking is one of the most prevalent risk factors for all screening event participants in 
this study, it is logical that the incidence of AAA would fall as smoking rates fell. Globally, 
smoking prevalence for both men and women declined between 1980 and 2012, 41.2% to 31.1% 
and 10.6% to 6.2% respectively (Ng et al. 2014).  
However, the difference in the history and evolution of smoking in women coupled with 
the occurrence of AAA in women at an older age may lead to an increase in the number of 
rAAA-related deaths in women in the future. These findings support the U.S. Preventive 
Services Task Force (USPSTF) screening recommendations to include women over the age of 60 
0
10
20
30
40
50
60
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Louisiana Deaths: Ruptured Abdominal Aortic Aneurysms (rAAA)
Female Deaths Male Deaths
16 
 
who have ever smoked or have combinations of other risk factors. It is recommended that gender 
be included in future research regarding AAAO screening data.  
Prevalence, Incidence, and Mortality 
 
The prevalence of AAA calculated from population-based ultrasonography screening 
studies is about 4% to 9% in men and 1% in women. But, unlike other diseases, prevalence and 
mortality rates for AAA are not easily discerned simply from a review of the literature. In a 
discussion of the accuracy of the reporting of mortality and prevalence of AAA, Stather et al. 
(2014) found that, of the 40 articles reviewed, 34 cited an aneurysm prevalence, and of those 
only 11 matched that of the referenced article(s). With this in mind, an in-depth study citing 
global prevalence and incidence rates with suitable Technical Notes and accurate citations was 
chosen as representative. This representative study revealed that, while globally the age-specific 
prevalence rate of AAA decreased over the two decades between 1990 and 2010 (Table 1.1), a 
closer look at the data exposed a more complex scenario in which gains in the developed world 
are not mirrored in the emerging economies of Southeast Asia, Oceania, and other developing 
countries in Africa (Sampson et al., 2014).  
 
Table 1.1: Global prevalence and incidence of AAA  
 
 
1990 Global Age-Specific Prevalence Rate 
per 100,000 
1990 Global Age-Specific Incidence Rate 
per 100,000 
40 - 44 yrs 7.03 - 10.14 40 - 44 yrs 0.66 - 1.17 
75 - 79 yrs 2,298.63 - 2,562.25 75 - 79 yrs 162.72 to 190.28 
2010 Global Age-Specific Prevalence Rate 
per 100,000 
2010 Global Age-Specific Incidence Rate 
per 100,000 
40 - 44 yrs 6.54 - 9.59 40 - 44 yrs 0.61 - 1.11   
75 - 79 yrs 2,149.77 - 2,410.17 75 - 79 yrs 152.20 - 178.78 
Data Source: Global Heart 
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The global rAAA mortality rate is 80-90% (Li et al., 2013). Brown (1996) indicated that 
in a single large trial of those with rAAA, 25% died before reaching a hospital and another 51% 
died at the hospital without undergoing surgery. Patients who underwent surgical intervention 
had an overall 30-day survival of just 11%, yielding an operative mortality rate of 46%. 
According to Golledge et al. (2006), rAAA is estimated to be the tenth most common cause of 
mortality and is responsible for ~2% of all deaths. Estimation of mortality for rAAA is 
complicated by low postmortem rates and the likelihood that some rAAA-caused sudden deaths 
are attributed to cardiac arrest unless there is documentation of a preexisting AAA (Golledge et 
al., 2006). 
The Louisiana State Department of Health and Hospitals lists the mortality rate for aortic 
aneurysm and dissection at 2.6 per 100,000 for the year 2009 (Louisiana State Department of 
Health and Hospitals, 2015). In their 2014 annual report, the American Public Health 
Association (APHA) ranked Louisiana 46th in all cardiovascular deaths among the 50 states. The 
APHA and United Health Foundation (UHF) ranked the state 48th overall in health outcomes in 
its assessment (United Health Foundation, 2014).  
 
Diagnostics 
 
Diagnostic procedures that aid in the discovery of AAA include: abdominal ultrasound, 
catheter angiography, chest CT scan, chest MRI, CT angiography, MR angiography, and 
transesophageal echocardiography (Fleming, 2005; Aggarwal et al., 2011). Abdominal 
ultrasonography is the screening modality of choice for AAA detection for three reasons: 1) it 
has high sensitivity and specificity, 2) it is safe, and 3) it is relatively low cost. However, 
ultrasonography does have some shortcomings. Visualization of the aorta is problematic in cases 
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when the view is limited or obscured as in obese patients and/or when there is gas present in the 
bowel. The classical presentation of rAAA includes pain, hypotension, and a pulsatile mass, 
however, only 25 - 50% of patients present with this trilogy of symptoms. In some cases, an 
enlarged AAA that has not ruptured is not easily differentiated from an rAAA. Accurate 
screening results in each of these cases are dependent upon the expertise of the technician 
(Sparks, 2002; Jang, 2011). 
 
Interventions 
 
Once diagnosed with AAA, most patients are offered one of two courses of action: 
surveillance, surgeons use the term “watchful waiting,” or repair. The course taken is generally 
predicated on the size of the aneurysm, with those over 5 cm considered candidates for repair, 
depending upon age and overall health of the individual (Vorp, 2007). The options for surgical 
repair include standard open or endovascular repair (May et al., 1998). Endovascular repair 
excludes the aneurysm from blood flow, minimizing the risk of rupture, and is most 
advantageous for the elderly or patients who are at higher risk due to other technical factors that 
may complicate standard open repair (Greenhalgh et al., 2010). Perioperative morbidity and 
recovery time are clearly reduced with the endovascular approach. However, there is a higher re-
intervention rate, increased surveillance burden, and a small but ongoing risk of rAAA (Brewster 
et al., 2003). While cardiac complications are most common, occurring in approximately 11% of 
patients, other complications include respiratory failure, renal failure, ischemic colitis, spinal 
cord ischemia, and prosthetic graft infection (Parodi, 1995; von Allmen & Powell, 2012; 
Nishanian, 2016).  
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Economic Burden 
 
In 2003, AAA was responsible for $2.7 billion in hospital charges and rAAA for an 
additional $639.71 million. Each patient treated for AAA costs more than $59,000; each 
hospital-treated patient with rAAA, more than $93,000. The average cost of elective surgery 
following AAA screening is $25,000; the average cost of emergency AAA surgery following a 
rupture is approximately $50,000 (Lanza et al., 2006). 
 
AAA Screening: U.S. and Louisiana 
 
The U.S. Preventive Services Task Force (USPSTF) recommends that all men aged 65 - 
75 years who have ever smoked (“ever smoked” is defined as 100 or more cigarettes throughout 
lifetime) should get an ultrasound screening for AAA. The USPSTF found little benefit to repeat 
screening in men with a negative ultrasound and who are older than 75 years of age. The Task 
Force does not make any recommendation for men 65 to 75 years of age who have never smoked 
and recommends against routine screening for AAA in women who have never smoked. 
According to the USPSTF, “evidence is lacking, of poor quality, or conflicting, and the balance 
of benefits and harms cannot be determined” for screening women aged 65 to 75 years who have 
ever smoked (USPSTF, 2014).  
In response to the USPSTF recommendation to offer screening to all men 65 to 75 years 
of age who have smoked 100 or more cigarettes in their lifetime, the U.S. Federal Government 
passed the Screen for Abdominal Aortic Aneurysms Very Efficiently (SAAAVE) Act in January 
2007. As part of the “Welcome to Medicare” package designed to assist healthcare practitioners 
identify patients at risk for AAA via ultrasound screening, the law is limited to new Medicare 
participants only and does not retroactively apply to current Medicare beneficiaries who develop 
inclusion criteria after the first 12 months of Medicare eligibility. Because many physicians are 
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only required to offer this screening to patients new to Medicare, participation rates for this 
screening program have been low. While one million Medicare beneficiaries were eligible in 
2007, only 10,000 patients, or less than 1% of eligible Medicare enrollees, were actually 
screened (Chun et al., 2013). 
Recommendations from other groups do not perfectly align with the USPSTF 
recommendations, especially in regard to female screening. Kent et al. (2004) quotes the Society 
for Vascular Surgery (SVS) and the American Association for Vascular Surgery (AAVS) 
Consensus Statement: 
“On the basis of available data, we recommend baseline ultrasound screening for 
AAA in the following patient cohorts:  
 All men aged 60 to 85 years 
 Women aged 60 to 85 years with cardiovascular risk factors 
 Men and women older than 50 years with a family history of AAA 
 Patients who appear unfit for any intervention should not be 
screened.  
On the basis of available data, we recommend subsequent surveillance of 
screened patients as follows:  
 Aortic diameter less than 3 cm, no further testing 
 AAA 3 to 4 cm in diameter, yearly ultrasound examination 
 AAA 4 to 4.5 cm in diameter, ultrasound examination every 6 months 
 AAA greater than 4.5 cm in diameter, referral to a vascular specialist (p. 
268).” 
 
In their 2014 Final Evidence Summary, the USPSTF revealed that for men age 65 to 75 
years, an invitation to attend AAA screening reduces AAA-related mortality. To examine the 
impact of an invitation to attend selective screening based on smoking status, a hypothetical 
cohort of 100,000 U.S. men age 65 to 74 years was modeled and the results were extrapolated to 
the U.S. population of men in the same age group. Approximately 69% of men in the United 
States aged 65 to 74 years have a history of smoking, defined as a lifetime consumption of more 
than 100 cigarettes. However, the model estimates that inviting only those 69% of men with a 
history of smoking to attend screening would account for 89% of the expected reduction in 
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AAA-related mortality from population-based screening of all men 65 to 74 years of age 
(USPSTF, 2014).  
AAAneurysm Outreach (AAAO) provides free screening services to at-risk populations, 
increases AAA awareness among the general public, and maintains a support system for people 
and their families across Louisiana and beyond impacted by, or at risk for, AAA. When 
conducting screening events, AAAO defines individuals eligible for one free screening every 
five years as “individuals over 60 who have at least 2 cardiovascular risk factors and men age 55 
and older with a family history of AAA and at least 1 additional cardiovascular risk factor” 
(AAAneurysm Outreach, 2014). During these events, AAAO arranges for volunteers to be on-
site: vascular technologists conduct private examinations of individuals and local, board-certified 
vascular surgeons answer any questions participants may have and direct aftercare in the event of 
an observed dilation. AAAO also distributes educational materials about AAA, the risk of 
rupture, and the ease and availability of screening. Since 2001, the organization has screened 
more than 12,000 eligible individuals and provided education and support to thousands of 
families and community members. The agency targets smokers, men over the age of 55 and 
women over the age of 60, those with hypertension, and people with a family history of the 
condition for administration of potentially life-saving screening opportunities, distribution of 
educational materials, and implementation of outreach activities. AAAneurysm Outreach is the 
nation’s only 501(c)(3) non-profit organization dedicated to eliminating deaths from AAA 
(AAAneurysm Outreach, 2014). 
Health Care Accessibility 
Better patient survival outcomes are significantly associated with operations performed 
by high-volume vascular surgeons versus those operations performed by low-volume general 
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surgeons (Dueck et al., 2004). Previous research determined that travel time to treatment was a 
determinative factor in survival of rAAA (Halpern et al., 1997; Costantino et al., 2005; Busingye 
et al., 2011). Timely access is defined as being within the critical 60-minute time frame 
demonstrated to increase the likelihood of positive outcomes (Bosanac, 1976). 
Since 2012, Louisiana’s State Department of Health and Hospitals has partnered with the 
Joint Commission and the American Heart Association/American Stroke Association 
(AHA/ASA) to increase its citizen’s timely access to healthcare. The Joint Commission is an 
independent, not-for-profit organization which accredits and certifies nearly 21,000 health care 
organizations and programs in the U.S. These certifications and accreditations are acknowledged 
nationally as representative of an organization’s commitment to meeting certain performance 
standards (Joint Commission, 2015a). The AHA is the nation’s oldest and largest voluntary 
organization dedicated to fighting heart disease and stroke (American Heart Association, 2015). 
It shares its mission with the ASA: “to build healthier lives, free of cardiovascular disease and 
stroke” (American Stroke Association, 2015).  
The accreditation and certification resulting from this partnership between the Joint 
Commission and the AHA/ASA with the state of Louisiana increased the number of hospitals 
designated as Primary Stroke Centers (PSCs), as well as those hospitals classified at the higher 
level of Comprehensive Stroke Centers (CSCs) (Joint Commission, 2015b). Other Louisiana 
hospitals are actively engaged in AHA/ASA-sanctioned educational and outreach programs 
designed to enhance the facility’s ability to respond to an emergency stroke or heart attack.  
Participation in these programs has the potential to elevate a facility’s ranking to an 
Acute Stroke-Ready Hospital (ASRH) (Joint Commission, 2015c). This collaboration has 
increased the number of facilities capable of providing appropriate healthcare in the event of a 
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medical emergency from 12 in 2012 to 71 in 2015 (Louisiana Emergency Response Network, 
2015a). 
Created by the state legislature in 2004, the Louisiana Emergency Response Network 
(LERN) is charged with the responsibility to develop and maintain a statewide healthcare 
coordination system. LERN divides the state into nine administrative regions for the purposes of 
planning and implementing a quality statewide trauma care delivery system (Figure 1.3).  
Figure 1.3: Nine Louisiana Emergency Response Network (LERN) regions.  
 
This system serves as a vital resource in the event of large scale emergencies and natural 
disasters. Beyond this coordinated response to large scale events, LERN manages emergency 
24 
 
response at the point of care as well. “Getting to the right place at the right time to receive the 
right care” (Louisiana Emergency Response Network, 2015b) is a matter of life or death for 
patients suddenly stricken by serious traumatic injury or time-sensitive conditions such as 
rAAA. LERN, driven by the basic principle that any preventable death resulting from treatment 
delay is unacceptable, coordinates Emergency Medical Services in these potentially fatal 
circumstances as well (Louisiana Emergency Response Network, 2015b).  
 
AAAneurysm Outreach Screening Data and Exploratory Spatial Data Analysis 
The following organizations conduct and fund research into the cause, prevention, and 
treatment of AAA: Society for Vascular Surgery, the American Association for Vascular 
Surgery, Vascular Disease Foundation, National Library of Medicine, National Heart, Lung, and 
Blood Institute, and the American Heart Association/American Stroke Association. These 
organizations also provide expert health information to the public. But AAAO is the nation’s 
only 501(c)(3) non-profit organization dedicated to eliminating deaths from AAA. 
Access to integrated spatial data on health care accessibility, availability, and outcomes, 
as well as data drawn from across human service systems (i.e., education, health, social services), 
will be the determinative factors in whether health care researchers and policymakers adopt an 
analysis and database management approach centered on geographic information systems (GIS). 
A better understanding of the spatial behaviors of health care providers and consumers and of 
how these dynamic relationships are affected by geography is necessary to create an efficient, 
efficacious healthcare delivery system. By analyzing the data collected by AAAO utilizing 
spatial statistics and GIS, this study adds to this understanding. Because the survival rate of 
patients with successful AAA repair is comparable to the age-matched population at large, and 
mortality associated with elective repair of a AAA is drastically lower than that associated with 
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emergency repair of an rAAA, emphasis on screening that leads to early detection and thus 
higher rates of complication-free repairs is the logical approach to decreasing the number of 
deaths attributable to AAA (von Allmen & Powell, 2012; Anjum et al., 2012).  
Ashley Pedigo Golden’s dissertation from the University of Tennessee at Knoxville, 
Geographic Disparities Associated with Stroke and Myocardial Infarction in East Tennessee 
(2011), applied the same methods of geospatial analysis to explore healthcare accessibility in a 
population that is comparably rural and similarly challenged both economically and 
geographically. The added facet of information in this thesis is the inclusion of AAAO screening 
data, efforts of AAAO to monitor a specific emergency medical condition, and potential for 
future collaboration among stakeholders in both the public- and private-sectors of healthcare 
delivery. 
Study Area, Research Questions, and Study Objectives/Goals 
 
Study Area: 
The study area is confined to Louisiana and healthcare facilities that lie within 30-, 60-, 
or 90-minute travel times from a neighborhood within the geographic boundary of Louisiana. For 
the purposes of this study, a neighborhood is defined as a census block. 
Study I  
Research Questions: 
To what extent are screening outreach methods employed by AAAO effective in the 
diagnosis and prevention of AAA? Is drive-time an influencing factor in screening event 
participation? Can areas of high-risk and underserved populations be identified through the 
techniques employed in this analysis? 
Objective: 
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To examine the AAAO screening event data to identify high-risk populations through 
spatial and aspatial statistical analysis. 
This study aggregated and analyzed data resulting from a screening program for AAA 
conducted by the AAAneurysm Outreach in Louisiana over a 14-year period. Descriptive 
statistics were calculated using IBM SPSS Statistics 23 and spatial patterns of risk factors at the 
parish level were examined using GeoDa. Service Area Network analysis on screening locations 
was performed in ArcGIS 10.3 to determine the influence of drive-time on screening event 
participation. These analysis methods are expected to identify underserved areas that are also at 
increased risk for undiagnosed AAA. 
These analyses generated 
a. Descriptive statistics of AAAO’s screening data  
b. Local Indicators of Spatial Association to identify clusters  
Study II  
Research Question: 
Can Service Area Network analysis identify disparities in geographic access to 
specialized emergency healthcare for the residents of Louisiana and what are the implications? 
Objective:  
 
To identify neighborhoods within Louisiana that do not have timely access to specialized 
emergency healthcare. This examination is in two parts 1) Stroke Centers with Certification from 
the Joint Commission and the AHA/ASA and 2) hospitals with board-certified vascular 
surgeons. 
This study geospatially located properly accredited health care facilities within Louisiana 
as well as facilities in neighboring states. Then, a network analysis dataset was created using the 
U.S. Department of Transportation’s National Highway Planning Network (NHPN) database. 
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Next, 30-, 60-, and 90-minute travel-time-to-treatment polygons were calculated. These 
travel-time-to-treatment polygons were used to categorize Louisiana communities as either 
within a 30-, 60-, or 90-minute travel-time-to-treatment polygon or beyond the 90-minute 
maximum travel-time-to-treatment recognized in this study. Access to air medical emergency 
services hubs were also considered in the Service Area Network analysis.  
Goals: 
a. Visualize the distribution of specialized emergency healthcare facilities in 
Louisiana 
b. Analyze geographic accessibility to specialized emergency healthcare 
c. Isolate existing disparities in access to treatment through Service Area Network 
analysis 
d. Recommend improvements for geographic accessibility to specialized emergency 
healthcare 
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CHAPTER 2 
AN EXPLORATORY SPATIAL ANALYSIS OF SCREENING PROGRAM DATA 
COLLECTED BY AAANEURYSM OUTREACH FROM LOUISIANA RESIDENTS 
BETWEEN 2001 AND 2014: OUTCOMES AND ACCESSIBILITY 
Abstract 
AAAneurysm Outreach, the nation’s only 501(c)(3) non-profit organization dedicated to 
eliminating deaths from abdominal aortic aneurysm, conducts preventative and educational 
activities in Louisiana and surrounding states. An abdominal aortic aneurysm is any bulging in 
the aorta below the chest cavity that extends the diameter of the aorta to three centimeters or 
beyond. The condition is typically asymptomatic but is easily detected with proper screening. 
Screening for abdominal aortic aneurysm is quick and non-invasive, involving a simple 
ultrasound of the abdomen. The analysis presented here examined the scope and efficacy of the 
AAAneurysm Outreach screening program using screening data collected in Louisiana. The 
2010 U.S. Census block data were used to describe the geographic distribution of screening 
participants and the American Community Survey provided additional information about 
residents of each census block. Behavioral Risk Factor Surveillance System data were used to 
establish risk factor prevalence rates for each parish. AAAneurysm Outreach screening event 
locations were used to calculate service areas for each event. Service area analysis revealed 
limitations in the geographic breadth of the screening program event locations; 25% of 
individuals who meet the age criterion for screening reside outside service area zones and within 
spatially clustered areas of increased prevalence rates for risk factors associated with abdominal 
aortic aneurysm. These results improve the ability of AAAneurysm Outreach to identify high 
risk populations for targeted interventions. Additionally, these results enable AAAneurysm 
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Outreach to better interpret the collected screening data and modify criteria for establishing 
screening event locations. 
 
Keywords: AAA, GIS, screening, network analyst, Local Indicators of Spatial Association, 
Service Area Analysis 
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Introduction 
Between 2001 and 2014, AAAneurysm Outreach (AAAO) screened more than 12,000 eligible 
individuals, targeting smokers, men 55 and older, women over the age of 60, those with 
hypertension, and people with a family history of abdominal aortic aneurysm (AAA). The 
prevalence of AAA diagnosed during population-based ultrasonography screening studies in the 
U.S. is between four and nine percent in men and one percent in women (USPSTF, 2005). 
Ultimately, about 20% of AAA will rupture (UCMC, 2015). At least 65% of patients with a 
ruptured abdominal aortic aneurysm (rAAA) die of sudden cardiovascular collapse before 
arriving at a hospital (Murphy, 2015). Representing the third leading cause of sudden death in 
men over 60 in the U.S., these ruptures are responsible, at least in part, for up to 30,000 deaths 
each year (Donaldson et al., 1985; Dueck et al., 2004; Nicholl et al., 2007). While largely 
asymptomatic, this potentially fatal condition can be detected with little difficulty or expense 
through ultrasonographic screening of at-risk populations. 
 
AAAO Screening: Louisiana 
AAAO provides free screening services and increased AAA awareness among the general public 
while maintaining a support system for people and their families impacted by, or at-risk for, 
AAA. Screening by AAAO consists of an intake interview questionnaire designed to assess risk 
and eligibility for screening, a vascular technologist-administered ultrasound of the abdomen, 
and aftercare warranted by test results (AAAneurysm Outreach, 2014). The questionnaire 
administered by AAAO addresses the behaviors and factors that increase an individual’s risks of 
AAA, which include high blood pressure, high cholesterol, smoking, family history of AAA, 
diabetes, and Marfan Syndrome (Hunt, 2015).  
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AAA and Diabetes: A Complicated Relationship  
The evidence that diabetes mellitus may play a protective role in the growth and expansion of 
AAA has been accumulating since the last decade of the twentieth century. In 1996, a dual case-
control study compared risk factor profiles in patients undergoing AAA repair and patients 
undergoing femoral bypass for atherosclerotic occlusive disease (Lamorte, Scott, & Menzoian, 
1996). Using data obtained from a review of medical records from Boston University Medical 
Center Hospital and Boston City Hospital and hospital discharge data for the entire state of 
Massachusetts, this study compared aneurysmectomy patients with a control group of 
appendectomy patients; and then compared femoral bypass surgery patients with the same 
appendectomy controls. The authors concluded diabetes mellitus was not a strong risk factor for 
aneurysmectomy. The following year, Lederle (1997) used multiple logistic regression to 
analyze the results of ultrasonographic screening for AAA and a prescreening questionnaire, and 
found the presence of diabetes to be negatively associated with AAA.  
More recently, Blanchard, Armenian, & Freisen (2000) found an inverse association between 
diabetes mellitus and AAA. In a case-control study to examine risk factors for AAA, 98 newly 
diagnosed cases of AAA were compared with 102 non-AAA control patients who underwent 
ultrasound for symptoms similar to AAA. Le et al. (2007) used stepwise multivariate linear and 
logistic models to show that diabetes is inversely associated with both AAA and aortic diameter 
in men over 65 years.  To analyze this apparent link between AAA and diabetes, Shantikumar et 
al. (2010) searched the PubMed, Embase, and Cochrane databases for human studies published 
in the preceding 30 years. An examination of 11 studies that included statistically analyzed 
prevalence data for diabetes in AAA using Hewlett Packard Comprehensive Meta-Analysis v2 
(2008) suggested a smaller diabetes rate among people with AAA when compared to those 
without diabetes. Kent et al. (2010) used multivariable logistic regression analysis to reaffirm 
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well-known risk factors, e.g., male gender, age, family history, and cardiovascular disease. This 
study also found a negative association with AAA for diabetes among other factors examined, 
e.g., race or ethnicity and behaviors associated with healthy diet and exercise. In an individual 
patient data meta-analysis, Sweeting et al. (2012) summarized the influence of co-variables on 
AAA growth and rupture rates. Demographics and medical and drug histories were analyzed 
using longitudinal random-effects modelling. Survival analysis was performed after adjusting for 
aneurysm diameter. A decrease in the growth rate of AAA was discovered in patients with 
diabetes. Standard survival methods were used to assess the relationship between diabetes and 
risk of all-cause mortality, complications, and aneurysm growth at 36 months in an investigation 
of the impact of diabetes in the management of 360 patients with small AAA enrolled in a 
randomized trial comparing early endovascular repair versus surveillance and delayed repair (De 
Rango et al., 2012). A partial likelihood stepwise method form of baseline covariates was used to 
examine demographic-, morphologic-, and medication-related factors. Diabetes was the strongest 
independent negative predictor of aneurysm growth greater than 5 mm during surveillance 
according to Cox analyses and expansion in small AAA was lower in patients with diabetes.  
More recently, De Rango et al. (2014) analyzed evidence of the impact of diabetes on 
prevalence, incidence, clinical outcome, and the expansion rate of AAA using the generic inverse 
variance method. Searching the PubMed and Cochrane databases to undertake a meta-analysis of 
literature published in the last 20 years, the authors found 17 large population prevalence studies 
which demonstrated a significant inverse association between diabetes and AAA. Pooled 
analysis of data from smaller prevalence studies on selected populations corroborated this 
inverse association. Lopez-de-Andrés et al. (2015) describe trends in the rate of AAA and use of 
open surgery repair (OSR) and endovascular aneurysm repair (EVAR) in elderly patients in 
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Spain, 2003-2012. Using national hospital discharge data, patients with a discharge of AAA were 
selected and grouped by diabetes status: type 2 diabetes and no diabetes with both groups 
containing identified OSR and EVAR patients. The AAA discharge incidence, length of stay 
(LOHS) and in-hospital mortality (IHM), as well as use of OSR and EVAR were calculated and 
stratified by diabetes status and year. After adjusting by age, sex, year, smoking habit, and 
comorbidity, multivariate analysis revealed that incidences were lower among those with 
diabetes than those without diabetes in all years studied. Incidence rates were higher in non-
diabetic patients. In an attempt to clarify the protective effect of diabetes, Lederle (2012) 
researched its mechanism. Advanced glycation and/or suppressed plasmin in diabetics may 
decrease aortic wall degradation, considered central to the development and progression of AAA 
resulting in thicker abdominal aortic wall, thus reducing wall stress (Lederle, 2012). 
AAA and Spatial Influences on Screening Participation 
Exploratory spatial data analysis (ESDA) focuses on spatial aspects of data to identify possible 
spatial patterns and outliers. Various types of public health data are collected in a manner that 
allows them to be used for spatial analysis and are ideally sampled in a systematic process from a 
spatially distributed population. Limitations on inference from analysis of spatial patterns require 
researchers to understand spatial systems, the selection of and specification of spatial weights, 
and the subjectivity of the methods themselves. The use of spatial analysis in the examination of 
data collected by screening programs is sparse. The literature surrounding screening data from 
AAAO is rarer still. Ogata et al. (2006) reported the results of four years of screening efforts by 
AAAO (the organization formally known as Aneurysm Outreach, Inc.). These 21 
ultrasonographic screening events were held in Louisiana between September 2001 and 
November 2004 and tested 3,088 individuals. AAA was detected and confirmed in 61 (2.0%) 
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individuals, in 4.3% of the screened males and in 0.6% of the screened females. During follow-
up phone interviews, 13 of the 61 aneurysmal participants reported undergoing surgical repair. 
The frequencies of males and current smokers were significantly higher in the AAA group than 
in the group with normal-size aorta. These results correspond to the analysis in the current study. 
The published results of these 21 AAAO screening events were in agreement with randomized 
controlled screening programs, highlighting the need for systematic screening programs that 
prevent death from rupture through early detection of AAA.  
Xiao et al. (2007) examined spatial patterns in geographic disparities in incidence and late stage 
at diagnosis of prostate cancer and their influence on intervention programs. They created spatial 
maps that showed the greatest disparities in the northern and central counties of Alabama. In an 
effort to better understand the geographic disparities, various characteristics of the counties with 
greater racial diversity were carefully examined. The authors asserted that these geographic 
patterns can inform and may expedite the design of targeted intervention programs. Identified 
counties had a tendency to be more rural with a greater percentage of the population living on 
farm land. Pedigo, Aldrich, & Odoi (2011) pinpointed spatial clusters of high risk areas for 
stroke and myocardial infarction in east Tennessee using spatial scan statistics. Logistic models 
were used to probe neighborhood-level socioeconomic and demographic predictors of the 
detected spatial clusters. These techniques for determining disparities in mortality risks across 
neighborhoods are useful for locating high risk communities and informing population health 
programs that address health disparities. 
Osiecki et al. (2013) applied ESDA methods to identify areas with both high rates of poverty and 
racial minorities to examine possible associations to environmental cancer risk in Cook County, 
IL. Queen spatial weights matrices were used to account for contiguity issues. Spatial 
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autocorrelation and Global Moran’s I with permutation inference were used to investigate similar 
and dissimilar values as they related to location. An investigation of clustering revealed a visual 
pattern concentrated on the west and south sides of Chicago with a few tracts scattered toward 
the north and southwest that indicated an association between health disparity indicators and 
environmental burden.  
An analysis that used GIS, as well as Local Indicators of Spatial Association (LISA) statistics, 
and census tract-level administrative data from the Peel Region of Ontario was conducted by 
Lofters, Gozdyra, & Lobb (2013). Cancer screening rates were geovisualized, along with the 
percentage of residents of South Asian ethnicity and the locations of primary care practices and 
community health centers. At an intervention development workgroup meeting of partner health 
service and community service organizations, partner organizations recognized and validated the 
LISA analysis, which revealed lower screening rates were consistently associated with larger 
South Asian populations. They concluded that when working with community health partners to 
pinpoint areas with the greatest need for interventions, GIS, and LISA analyses in particular, can 
be useful in formulating both patient- and provider-focused interventions.  
While research indicates that even an invitation to attend a screening results in a decrease in 
mortality, some targeted candidates for screening still choose not to participate. Intriguingly, co-
morbidity factors of smoking and non-participation in screening events were determined to 
indicate a probability of elevated risk of AAA (Linne et al., 2014). Along with colleagues, Linne 
et al. (2014) discovered that the most important reasons for non-participation were: recent 
immigration, low income, marital status single or divorced, low level of education, and long 
travel distance.  
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To better understand spatial and demographic issues potentially related to non-participation, this 
study aggregated and analyzed data resulting from a screening program for AAA conducted by 
AAAO in Louisiana over a 14-year period. IBM SPSS Statistics, ArcGIS, and GeoDa were used 
to perform descriptive statistics, and ESDA was used to analyze spatial patterns. The ESDA 
included cluster analysis of parish-level risk factors. This study assessed associations between 
AAA and the demographic data provided in the pre-screening questionnaire and identified areas 
that are potentially at higher risk for AAA. Screening event locations were used to perform 
Service Area Network analysis to determine if the 30-minute catchment for these locations 
fostered participation within the targeted population. 
 
Data and Methods 
This study applied various forms of ESDA to AAAO screening participant and event location 
data and the risk factors associated with AAA used as eligibility criteria by AAAO. Specifically, 
LISA statistics (Anselin, 1995) were performed on these data and provided an indication of the 
extent of significant spatial clustering of similar values around each observation, and the sum of 
LISAs for all observations is proportional to a global indicator of spatial association (Anselin, 
1995; Anselin, 1998; Anselin et al., 2006). Moreover, ESDA utilizes an assortment of descriptive 
and graphical statistical mechanisms designed to ascertain spatial patterns and associations, and 
to suggest hypotheses.  
These methods identify the presence of indicators of spatial heterogeneity/homogeneity and also 
detect spatial associations, clusters or hot spots, providing insight into datasets and determining 
interpolation methods. Ultimately, ESDA provides a map, or series of maps, that can be used to 
conceptualize and delineate spatial distributions (Anselin, 1998).  
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Screening data collected during AAAO screening events between 2001 and 2014 have two 
components, which were examined separately: 1) answers to the AAAO questionnaire that 
establish defining characteristics of participants, such as risk factors and the presence of an 
aneurysm noted as a dilation; and 2) the date and location of the screening event attended. 
Population and demographic data for, as well as the geographic distribution of, the residents of 
Louisiana, were obtained from the 2010 U.S. Census and the American Community Survey 
(ACS). The ACS is the largest survey administered by the U.S. Census Bureau other than the 
decennial census and is sent to approximately 295,000 addresses monthly to gather information 
previously contained only in the long form of the decennial census. While fully implemented in 
2005, it was 2010 when the ACS produced its first set of estimates for areas of all population 
sizes, using information collected from January 2005 through December 2009. These data 
describe ancestry, educational attainment, income, language proficiency, migration, disability, 
employment, and housing characteristics and are used to allocate funding, track shifting 
demographics, plan for emergencies, and learn about local communities by public- and private-
sector, as well as not-for-profit, stakeholders.  
The prevalence of AAA risk factors among U.S. and Louisiana residents was obtained from the 
Behavioral Risk Factor Surveillance System (BRFSS). This is the largest continuously conducted 
health survey system in the world. The BRFSS collects data at the state and county/parish level 
about U.S. residents regarding their health-related risk behaviors, chronic health conditions, and 
use of preventative services. Operating in all 50 states, as well as the District of Columbia and 
three U.S. territories, the BRFSS completes more than 400,000 adult interviews each year. This 
powerful tool for targeting and building health promotion activities enjoys widespread support. 
Currently, sponsors include most divisions in the CDC National Center for Chronic Disease 
38 
 
Prevention and Health Promotion, other CDC centers, and multiple federal agencies, such as the 
Health Resources and Services Administration, Administration on Aging, Department of 
Veterans Affairs, and Substance Abuse and Mental Health Services Administration (CDC, 
2015).  
Road network data from the National Highway Planning Network (NHPN) were used to build 
the prerequisite network layers necessary for geospatial analyses. The NHPN is a comprehensive 
network database of the nation’s major highway system covering all 50 states plus the District of 
Columbia and Puerto Rico (ArcGIS Services Directory, 2015). Allowing users to view the U.S. 
road network at national, state, county, and city levels, the database is broken out by road type 
and shown at different scales. The geospatial dataset serves the Federal Highway 
Administration’s (FHWA) needs in highway planning, policy analysis, visualization of the 
Highway Performance Monitoring System (HPMS) database, and network modeling (Federal 
Highway Administration, 2013). 
Methods were chosen based on their ability to describe AAAO data, to define and examine any 
spatial and aspatial relationships, and to identify high risk populations for the targeted 
intervention of ultrasonographic testing. Before releasing the screening data, AAAO approved 
de-identification, which is the usual practice in human subject research to protect the privacy of 
screening participants. During the de-identification process, ArcGIS 10.3 was used to geocode 
and aggregate address-level data to the census block level. Once de-identification was 
completed, the East Tennessee State University (ETSU) Institutional Review Board (IRB) 
determined that this study meets neither the Food and Drug Administration (FDA) nor the 
Department of Health and Human Services (DHHS) definitions of research involving human 
subjects, therefore it does not fall under the purview of the ETSU/VA IRB.  
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The screening data were mined for screening participant characteristics, risk factors, and specific 
event dates and locations. Data were processed and described using Microsoft Excel and SPSS 
v23. ArcGIS 10.3 Network Analyst and Geoprocessing tools were used to configure a road 
network environment, to perform service area analysis, and to display the results for AAAO 
screening events by 30-minute drive time zones. GeoDa was used to apply LISA statistics on the 
BRFSS data. Contiguity was addressed using a queen spatial weights matrix, first order. Spatial 
autocorrelation and Global Moran’s I with 999 permutation inferences were used to identify any 
statistically significant spatial clustering of risk factors in Louisiana. Using ACS census block 
centroids, ArcGIS 10.3 spatial selection methods were utilized to identify those individuals who 
meet the age criterion for AAAO screening that are within these clusters of increased risk for 
AAA and are outside the 30-minute-drive-time-to-event service area.   
Data collected at the AAAO screening events resulted in a total of 12,316 discrete entries (Figure 
2.1), of which 1,638 were rejected because they: 1) were from outside the state of Louisiana (the 
area of study for this analysis); 2) answered affirmatively to previous AAA diagnosis; 3) failed 
to meet the screening criteria; 4) contained null values in the results class; 5) were listed as No 
Shows; 6) had Limited or Obscured View results for the ultrasonographic test; or 7) contained 
geocoding errors. Screening events and participation correspond to densely-populated 
metropolitan areas. A decline in AAAO event scheduling explains the low participation data 
from 2011 and 2014 (Figure 2.1). 
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Figure 2.1: Participation in AAAO screening events by year.  
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Analysis and Aggregation Level  
 
Screening data and other public health-related data afford substantial analyses and comparison 
capabilities, but comparison and analyses are dependent upon the aggregation levels at which 
data are collected and made available. Morbidity and mortality data are commonly compiled and 
disseminated at the county level. However, public health data, such as the U.S. Department of 
Agriculture’s (USDA) food accessibility and transportation data, are available at the census tract 
level. With respect to public health data, comparisons and analyses are best conducted at the 
census block level because these units are most analogous to neighborhoods wherein 
homogeneity of income, education, food and healthcare accessibility, and mode of 
transportation, among other conditions, are more uniform. Disparate aggregation levels 
complicate the choice of scale.  While zip codes are often the primary, or only, collected spatial 
identifier because of their relative ambiguity and association with an address, geospatial analysts 
conclude that data aggregated to the zip code level do not lend themselves well to accurate or 
precise geovisual or geostatistical representations (Osiecki, 2013; Berke & Shi, 2009).  
While availability, privacy protection, and aggregation choices create the boundaries within 
which these data can be explored, GIS technology has advanced to a point that more detailed 
exploration is possible (Figures 2.2a-f). 
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Figure 2.2: Aggregation of data in Louisiana: state level to census block level (a - f).  
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Results 
Of the 10,633 validated screening participant results, there were 323 observations of a 3 cm or 
greater dilation of the aorta, the threshold for AAA (Figure 2.3). An average of 154 participants 
participated in each screening event across 14 different Louisiana metropolitan areas.  
 
 
 
Figure 2.3: From 2001 through 2014, 69 events screened 10,633 study-eligible 
participants.  
  
 
 
Screening event addresses and participant addresses were geocoded. Screening event participants 
reside in 5,621 of Louisiana’s 204,439 unique census blocks (Figure 2.4). Dilations were 
observed in residents of 312 of these neighborhoods (Figure 2.5).   
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Figure 2.4: Geocoded participant addresses were aggregated to the census block level. 
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Figure 2.5: Census blocks containing screening event participants were classified as dilation or 
no dilation. 
   
 
 
In a comparison between the frequency of the risk factors most closely associated with AAA in 
the total participant population and the frequency in only the population found to be aneurysmal, 
the greatest increase in prevalence of risk factors associated with an aortic dilation between all 
screened participants and aneurysmal participants was in the frequency of smoking (from 32.1% 
to 54.5%) (Table 2.1).  
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     Table 2.1: Frequency of risk factors among all AAAO screening  
     participants in Louisiana: 2001 to 2014  
 
 
 
When comparing these same chronic conditions as a percent of the populations being studied, 
Louisiana demonstrated an increased percentage of diagnoses over the national percentages in 
five of the seven risk factors that AAAO addresses in their screening interview (Table 2.2). 
 
                
         Table 2.2: Risk factors as a percent of the population: a comparison of  
         frequency in participants to national and state averages. 
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Diabetes is a concomitant condition that accompanies AAA’s other lifestyle-based risk factors, 
such as high blood pressure and high cholesterol. Fifty-two parishes have percentages of 
diabetics higher than the state average and all but one have a higher average than the national 
average of 8.6%. However, diabetes was found to have the lowest prevalence of all risk factors 
among participants who were observed to have aortic dilations. In the literature, there is some 
debate regarding a “protective effect” for diabetes and an inverse negative association has been 
noted (Blanchard, Armenian, & Freisen, 2000; Kent et al., 2010; De Rango et al.,2014). For 
these reasons, diabetes was not included in LISA statistical analysis.  
ArcGIS 10.3 was used to display the geographic distribution of the BRFSS smoking and 
cardiovascular risk factor prevalence data (Figures 2.6 and 2.7).  Smoking is the risk factor most 
closely associated with AAA and rAAA in both men and women. In 57 of Louisiana’s 64 
parishes, the percent of the population that smokes is higher than the national average (18.4%). 
Forty parishes have a percentage of smokers higher than the state average (21.8%) and only 
seven parishes have percentages below both the state and national averages (Figure 2.6). 
Sedentary lifestyle, obesity, smoking, high blood pressure, and high cholesterol are also among 
the risk factors closely associated with AAA. To assess the prevalence of these cardiovascular 
risk factors, the Louisiana Department of Health and Hospitals used BRFSS data to calculate 
these composite cardiovascular disease (CVD) risk factor composite z-scores by parish. These 
risk factors include high blood pressure, high cholesterol, smoking, and obesity. Eleven of 
Louisiana’s 64 parishes, or 16%, were shown to have z-scores greater than one (Figure 2.7).  
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Figure 2.6: Smoking as a percent of the population in Louisiana ranges from 13.9 to 30.9.  
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Figure 2.7: AAA-associated cardiovascular risk factors: composite z-scores ranging from -2.44 
to 3.00. 
 
LISA cluster analysis revealed 11 parishes with statistically significant spatial clustering for risk 
factors of AAA (Figure 2.8). Union Parish is located in the rural northeast. Parishes located in 
the sparsely populated central region include Sabine, Natchitoches, Red River, Rapides, 
Avoyelles, and Catahoula. The parishes of Vermillion, St. Martin, and Acadia are located in the 
southern central Acadiana portion of the state. Livingston Parish is located in the “boot” of 
southeast Louisiana. 
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Figure 2.8: LISA cluster analysis: smoking and CVD composite z-score.    
 
 
Sixty-nine screening events were conducted by AAAO between 2001 and 2014. Multiple 
screenings were held in Alexandria, Monroe, and Shreveport in the northern portion of the state 
and Baton Rouge, Lafayette, New Orleans, Lake Charles, Houma, and Plaquemine in the 
southern. Cities in the north that hosted one screening event included Natchitoches and West 
Monroe, while Slidell, Bogalusa, and Hammond hosted one event each in the south (Figure 2.9).  
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Figure 2.9: AAAO screening events: 2001 to 2014. 
 
 
Using the ACS, it was determined that 20% of Louisiana’s total population of 4,429,944 
residents met the age eligibility for screening according to the criteria set forth by AAAO. That 
is 427,336 women over the age of 60 (19% of the total female population (2,264,484)) and 
467,491 men over the age of 55 (22% of the total male population (2,165,456)). The screening 
records collected by AAAO between 2001 and 2014 and deemed valid for this study, produced 
screening data for 1.2% of this eligible population (10,633/894,827). The 323 dilations detected 
during these screenings account for 3% of the screened participants, which is slightly lower than 
the national prevalence rate of 4-9% for AAA. 
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While the service area analysis indicated that 91% of screening participants lived within 30 
minutes of previously conducted screening events, spatial location methods determined that 
219,941 (25% of age-eligible residents) live outside the 30-minute-drive-time-to-event service 
area zones described for each of these screening events (Figure 2.10). ArcGIS 10.3 Network 
Analyst’s service area analysis was used to describe AAAO screening event 30-minute drive-
time zones and determine the influence of drive-time on participation. 
  
 
Figure 2.10: Thirty-minute drive-time zones for AAAO screening events: 2001 to 2014. 
 
Spatial selection methods in ArcGIS 10.3 were used to locate census blocks outside the 30-
minute drive-time zones and within clustered areas of the composite risk factors to identify 
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potentially underserved, high-risk neighborhoods. Cross-referencing the service area analysis 
results with AAAO’s age eligibility requirements for free screening services, this research 
identified a total of 21,516 residents of Louisiana who live outside the 30-minute-drive-time-to-
screening-event zones and live in parishes that have been identified by the BRFSS as having 
higher prevalence of smoking and cardiovascular risk factors for AAA. That is 9,582 men over  
the age of 55 and 11,934 women over the age of 60 who are not being reached by AAAO’s 
current methods for conducting screening events in Louisiana (Figure 2.11). 
 
 
 
 
Figure 2.11: Screening event drive-time zones overlain with risk factor clustered areas.  
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Discussions 
Previous research revealed that drive-time-to-event is a determining factor in screening 
participation (Zarrouk et al. 2013; Linne et al. 2014; Crilly et al. 2015). Targeted screening 
programs like those conducted by AAAO are crucial in addressing the issue of early detection 
and, although the screenings are effective at this, not all age-eligible Louisiana residents are able 
to participate in the screenings as currently conducted. Compared to the current screening events 
that exclude 219,941 age-eligible Louisianans outside the 30-minute drive-time-to-event zones, 
AAAO could reach all but 34,743 Louisiana residents who meet the age criteria by partnering 
with parish health units. If yearly events were held at each of the local health units located in 
each of Louisiana’s 64 parishes, coupled with the implementation of analytical methods detailed 
in this study, screening events that are more effectively targeted would be possible. If the 
geographic extent of the screening events were to be expanded, it would be possible to use the 
more comprehensive screening data to facilitate planning and implementation of hospital 
building location policies to best address the issue of geographic accessibility for time-sensitive 
medical emergencies, such as rAAA. Future research is needed to determine the degree to which 
the effectiveness of AAAO’s screening strategies can be improved through implementation of 
the suggestions offered here.  
Partnerships and GIS 
 
In 2011, Louisiana was one of seven states whose health departments were chosen through a 
rigorous selection process to join in the CDC’s Building GIS Capacity for Chronic Disease 
Surveillance Training Project. This project builds GIS capacity within state and local health 
departments for the surveillance and prevention of heart disease, stroke, and other chronic 
diseases. The GIS Capacity Building project publishes Highlights Reports that showcase the 
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work of each health department chosen to participate. Examples of maps produced by 
participating health departments that demonstrated each state’s chronic disease priorities were 
circulated in the document, Mapping Heart Disease, Stroke and Other Chronic Diseases: A 
Program to Enhance GIS Capacity within State and Local Health Departments Highlights from 
Idaho; Indiana; Louisiana; Maine; New York; Delta & Menominee, Michigan; and RiverStone, 
Montana. In Louisiana, enhancing partnerships was prioritized in addition to increasing the use 
of GIS to map healthcare access in relation to travel time. Similarities exist between the chronic 
conditions of interest to the CDC and monitored through the GIS Surveillance Capacity Building 
project and the risk factors known to be associated with AAA. A collaboration between 
Louisiana’s State Health Department and AAAO would allow for the expansion of screening 
event service areas (Figure 2.12).  
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Figure 2.12: Louisiana Department of Health and Hospitals’ Parish Health Units: geographic 
distribution. 
 
Study Limitations and Future Research  
Data aggregation proved to be a limitation of this thesis because data for AAA risk factors were 
only available at the parish level. This aggregation level, which includes a heterogeneous 
population, was restrictive in allowing for the identification of neighborhood-level risks.  In 
assessing areas of increased risk factors for AAA for the purpose of targeting specific 
populations for interventions, the availability of data for these risk factors only at the parish level 
limits the accuracy of this assessment. This aggregate level, which includes a diverse population 
with respect to age, income, education, etc., restricts the ability to accurately identify risk at a 
neighborhood level.  
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Memory influences the precision of self‐reported information. Accuracy is affected by the ability 
to fully recall past behaviors or health screening results. Socially undesirable, unhealthy or 
illegal behaviors, such as drinking and driving or smoking, etc., are generally underreported but 
behaviors that are more desirable, such as exercise and healthy eating, etc., are over reported (LA 
DHH, 2008). While the type of self-reporting that the AAAO questionnaire is dependent upon 
can be unreliable, AAAO’s attempts to collect precise, detailed data on screening participants 
should not be discouraged. Rather, the standardization of techniques for data collection, storage, 
and management should be promoted. With database development and management becoming 
increasingly important and with policymaking increasingly dependent upon data-driven research, 
it is essential that the volunteer screening workforce be well-trained in best practices with respect 
to data collection, entry, and storage. Techniques that result in lost data points waste resources 
and slow the progress of reducing deaths from AAA. 
In this study, the techniques employed in the data collection process resulted in the loss of access 
to some specific data, including gender, which precluded an examination of gender effects 
despite known differences in AAA outcome for men and women. Any discussion of AAA and 
gender must begin by noting that while AAA is overwhelmingly observed in men, rAAA is more 
likely to be fatal in women. According to the Louisiana Department of Health and Hospitals, 
between 1999 and 2014 death certificates that listed aortic aneurysm as Underlying Cause of 
Death were issued for more women over the age of 55 (18,318) than for men over the age of 55 
(17,861) (LA DHH, 2008).  
Conclusions 
The screening outreach methods employed by AAAO were found to be efficacious in detecting 
AAA. Three percent of screening event participants, whose data were usable, were observed to 
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have aortic dilations that met the AAA threshold of 3 cm. Participants who tested positive for 
AAA were also found to have a higher prevalence of the characteristics that were found to be 
closely associated with an increased risk of AAA. Drive-time was found to be a determining 
factor in screening event participation. The Network Analyst’s Service Area tool of ArcGIS 10.3 
was used successfully to identify 30-minute drive time zones to AAAO screening events.  
Over 90% of screening event participants were residents of census blocks within 30 minutes-
drive time of the event. Areas of high-risk and underserved populations were identified through 
the techniques described in this study. Analyzing the AAAO data and the ACS and BRFSS, 
Louisiana residents who lived in areas of increased prevalence of the risk factors of AAA and 
also lived outside the optimum drive-time-to-event area were isolated, identifying underserved 
geographic locations and vulnerable subsets of Louisiana’s population. These underserved 
neighborhoods are located in the rural northeast, the sparsely populated parishes of the central 
region, Livingston Parish in the state’s “boot,” and Acadia, Vermillion, and St. Martin Parishes, 
which include the densely populated neighborhoods between Lake Charles and Lafayette.  
Although screening events are evenly distributed across the state geographically, residents who 
live in the less densely populated areas of the state are less likely to participate in screening 
events because the drive-time to such an event would exceed 30 minutes, which is the threshold 
for participation in voluntary screening events (Linne et al., 2014).  
The value in this research lies in the potential for AAAO to more effectively target the at-risk 
population by expanding the geographic area of service. An expanded screening program, one 
that operates on a statewide or even national level, has a greater likelihood of detecting the 
estimated one million AAA that go undiagnosed. AAAO has begun this expansion already. 
Screening events in the last few years have been held outside Louisiana, in Texas, Wisconsin, 
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Florida, and Georgia. The analytical approach taken in this study can help inform AAAO’s 
future screening event planning.  
AAAO has national and regional corporate sponsors who cooperate with them in raising 
awareness, leading robust outreach initiatives, and increasing screening opportunities. Hospital 
partners coordinate volunteer medical staff and provide locations for screening events. Through 
increased collaboration with federal, state, and local community stakeholders in utilizing GIS 
and ESDA to analyze and describe their collected data, AAAO could come closer to fulfilling 
their mission of eliminating deaths that result from AAA. The evidence presented here supports 
the argument for using geospatial analysis to refine and improve future AAAO screening efforts.  
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CHAPTER 3 
A GEOANALYTIC EXAMINATION OF EMERGENCY HEALTHCARE ACCESSIBILITY 
IN LOUISIANA 
“Work to narrow the gaps and disparities by converting scientific research into treatment 
guidelines, then translate guidelines into clinical processes that take patient population 
characteristics into account.” 
The American Heart Association/American Stroke Association AHA/ASA  
 
Abstract 
The prevalence of abdominal aortic aneurysm found in population-based ultrasonography 
screening studies in the U.S. is between four and nine percent in men and one percent in women. 
About 20% of abdominal aortic aneurysms eventually rupture. At least 65% of patients with a 
ruptured abdominal aortic aneurysm die of sudden cardiovascular collapse before arriving at a 
hospital. Representing the third leading cause of sudden death in men over 60 in the U.S., these 
ruptures are partially or fully responsible for up to 30,000 deaths annually, and require timely 
accessibility to appropriate level emergency care. Travel-time-to-treatment is a determinative 
factor in survival of ruptured abdominal aortic aneurysm. For nearly half a century, studies of 
healthcare accessibility defined timely access as being within the critical 60-minute time frame 
demonstrated to increase the likelihood of positive outcomes. Previous studies used straight line 
distance as a measure of geographic accessibility. Travel time is recognized as a better indicator 
of accessibility since travel impedances are considered. Service area network analysis was used 
to investigate community disparities in travel time to an accredited stroke center. For the 
purposes of this study, a neighborhood is analogous to a census block. Neighborhoods within 30-
, 60-, or 90-minutes travel-time-to-treatment zones were identified to determine areas in 
Louisiana whose residents do not have timely accessibility to accredited stroke centers. This 
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study identified disparities in geographic accessibility for neighborhoods within Louisiana, 
which is critical for evidence-based decision-making in healthcare and healthcare delivery 
systems. 
Keywords: AAA, GIS, screening, network analyst, Service Area Analysis   
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Introduction 
Spatial analysis methods in a geographic information system (GIS) environment provide ways to 
examine relationships between geography and healthcare access while allowing for the 
exploration of pathways to improve healthcare delivery systems. A distinctive feature of GIS is 
the ability to integrate spatial and aspatial data, enabling support capabilities for both display and 
analysis needs. Through this integration, GIS allows the evolving geographical configuration of 
healthcare to be appreciated and described (McLafferty, 2003). A better understanding of how 
the dynamic relationships between healthcare providers and consumers are affected by 
geography will lead to the creation of a more efficient, efficacious healthcare delivery system, 
wherein supply and demand are closely correlated and meet the needs of the constantly shifting 
healthcare sector more effectively. To meet these needs, healthcare data must be readily 
accessible to assess the geographic distribution of healthcare facilities, the planning and 
implementation of healthcare delivery systems, and the allocation of healthcare resources.  
Network Analysis and Travel Time – A Review of Healthcare Accessibility Methods 
There is a long history of the use of service area analysis in assessing access to healthcare.  Love 
& Lindquist (1995) noted that as early as 1932 geographic access to healthcare services has been 
an identifiable principle of health planning in the United States, and the creation of the National 
Health Service Corps in 1972 was based on the premise that physicians were geographically 
maldistributed. Issues arising from aggregate levels and limitations in software and hardware 
capabilities at the time of publication were enumerated in their study. By the 21st century, 
Schuurman et al. (2006) employed a vector-based GIS network analysis to model service areas in 
remote, rural regions of British Columbia. Travel times were calculated to estimate the 
percentage of the population with timely access to medical care. The authors asserted that the 
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ArcGIS 9.1 Network Analyst tool was useful for modelling the percentage of the population 
served within specified times and that policymakers and health services allocation specialists 
would benefit from utilizing these methods. Berke & Shi (2009) estimated travel times to nearest 
cancer centers by using: 1) geometric centroid of zip code polygons as origins, 2) population 
centroids, 3) service area rings around each cancer center, assigning subjects to rings by 
assuming they are evenly distributed within their zip code, and 4) service area rings around each 
center, assuming the subjects follow the population distribution within the zip code. Estimates 
were validated using travel times based on street addresses as true values. The authors asserted 
that population-based methods have smaller errors than geometry-based methods, and within 
geometry or population categories both methods have similar errors. Although estimates in rural 
areas were not as reliable, the population centroid method appeared to be the best choice for 
estimating travel time.  
Busingye, Pedigo, & Odoi, (2011) used service area analysis to investigate geographic access to 
emergency heart attack and stroke care in Tennessee. Travel time from each census tract 
population centroid to the nearest cardiac or stroke center was calculated using service area 
network analysis. All possible routes connecting neighborhood population centroids and cardiac 
and stroke centers within a given travel time limit were examined. A travel time zone was 
defined as the area that can be reached by road within specified time limits. Travel time zones 
within the specified travel time limits of 30-, 60-, and 90-minutes were rendered. Separate 
analyses were performed for each of these zones. Characteristics of the populations within the 
different travel time zones were also computed. This study further assessed temporal changes in 
access by analyzing each of the years during which there were changes in the number of 
accredited care centers.  
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Delamater et al. (2012) compared raster- and network data-based models and associated results. 
Geographic accessibility was calculated by identifying those members of Michigan’s population 
who reside beyond 30-minute drive-time from an emergency medical facility. The 
methodological implications for service area estimates were also reviewed. The raster-based 
method identified more geographic areas and more people with limited accessibility and was 
more sensitive to travel speed settings. It was recommended that researchers use caution in 
model selection because the choice of data model/method may substantially alter the outcomes 
of the analysis. Recommendations were also made to the state for adopting the network-based 
method or for reevaluating speed and population assignment methods in the raster-based 
approach.  
AAA and Emergency Medical Care Accessibility  
Population-based ultrasonography screening studies find abdominal aortic aneurysm (AAA) in 
four to nine percent of the U.S. male population and in about one percent of the U.S. female 
population (USPSTF, 2005). In due course, roughly one in five AAA will rupture (UCMC, 2015) 
and require timely access to emergency medical care (Donaldson et al., 1985; Dueck et al., 2004; 
Nicholl et al., 2007;). These ruptures are linked to as many as 30,000 deaths annually and in the 
U.S. represent the third leading cause of sudden death in men over the age of 60 (Nicholl et al., 
2007). Unexpected cardiac failure kills no fewer than 65% of patients with a ruptured abdominal 
aortic aneurysm (rAAA) before they can be transported to an appropriate healthcare facility 
(Murphy, 2015). Travel-time-to-treatment is a decisive factor in survival of rAAA (Costantino et 
al., 2005; Nicholl et al., 2007; Busingye et al., 2011). Timely access is defined as being within 
the critical 30- to 60-minute time frame demonstrated to increase the likelihood of positive 
outcomes – a standard set by Bosanac’s 1976 seminal work (Bosanac, 1976).  
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The scope of the current study was widened to include a 90-minute time frame based on Marler 
et al. (2000).  This analysis suggests that stroke patients treated with recombinant tissue-type 
plasminogen activator (rt-PA) within 90 minutes from stroke event onset have increased odds of 
improvement at 24 hours and favorable 3-month outcomes compared to patients treated later 
than 90 minutes.  While the availability of this treatment is relevant in an examination of 
emergency healthcare accessibility in Louisiana, it is not the recommended action for the 
treatment of rAAA. Stroke center data are readily available; however, the location and 
availability of vascular surgeons, and capabilities of the facilities with which they are affiliated, 
are not as easily accessible. The absence of the relevant data precludes inclusion of these 
healthcare providers in this geoanalytic study. This examination of healthcare facilities with 
elevated capacity for emergency medical response does not suggest an exact analog with AAA-
specific certified or accredited facilities. Though board-certified vascular surgeons may not be 
available 24/7 at accredited stroke centers, the integrated approach of the Louisiana Emergency 
Response Network (LERN) would allow for the evaluation, diagnosis, and transport of rAAA 
patients to the appropriate emergency care facility. Pending future research includes an 
assessment of accessibility of board-certified vascular surgeons and a comparison between the 
assessment of vascular surgeons readily accessible for emergency repair of rAAA and updated 
stroke center accessibility measurements. Until this research is conducted, the measurability of 
access to emergency medical treatment in this investigation will rely on the expanded stroke care 
network in Louisiana.  
Historically, straight line distances were used as a measure of geographic accessibility. Over 20 
years ago Khan (1992) suggested that a combination of approaches be taken to evaluate potential 
measures of regional availability and geographic accessibility. More recently, travel-time-to-
71 
 
treatment is recognized as a better indicator of accessibility because consideration of travel 
impedances (elements found in both the natural and built environments) is fully integrated into 
this approach (Apparicio et al., 2008). For emergency access to medical treatment, research 
indicates that travel-time-to-treatment-based study designs encompass the level of specificity 
necessary for studying treatment of rAAA. With current software availability, these study 
designs have become cost efficient (Haley et al., 1992; Brott et al., 1992; Hacke et al., 2004;). 
With criteria established to create the most realistic geo-representation of emergency 
healthcare accessibility, an approach to service area boundary calculation must be selected. 
While there are many methods for describing hospital service areas, or catchments, three are 
used primarily: raster grid cells, Voronoi polygons, and network analysis based on travel-time 
(Simpson, 1994; Wang & Luo, 2005; Wang, 2012). The first uses uniformly-shaped pixels 
(tessellations) to represent uninterrupted surfaces, while the latter two are vector GIS approaches 
that use simple points, lines, and polygons to represent spatial entities. In a raster-based approach 
to modelling access to healthcare services, rasterized road network data, combined with other 
relevant off-road network impedances, are used to describe travel time between locales and 
proximate hospitals. The most significant limitation of this method is that it does not account for 
changes in topography or road conditions (Shaw & Rodrigue, 2005).  
Voronoi (or Thiessen) polygons are drawn around each point with the boundary bisecting the 
straight line between any two points. However, Schuurman (2006) notes that this approach is not 
well-suited to representing the variable conformity to catchment boundaries by a population. 
While a more sensitive approach than the grid cells, the polygons in this simple vector-based 
approach cannot be adjusted to reflect facility characteristics. Network analysis is a more 
complex vector-based GIS approach, utilizing road network data in conjunction with statistics on 
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populations and services (Shaw & Rodrigue, 2005). The vector-based data model was used in 
this study to describe hospital and pre-hospital agency service areas.  
 
The State of Emergency Healthcare in Louisiana 
 
The state of Louisiana passed legislation to ensure that its citizens have timely access to 
appropriate level medical care in the event of natural disasters, national emergencies, or a 
traumatic, time-sensitive medical event. Toward that end, LERN was established. In 
coordination with the Louisiana Department of Health and Hospitals, Louisiana Pre-Hospital 
Agencies, and the Joint Commission and American Heart Association/American Stroke 
Association (AHA/ASA), healthcare providers across the spectrum of care in Louisiana have a 
standardized response to medical emergencies such as rAAA (LERN, 2014; Louisiana 
Legislature (Air Ambulance), 2015; Louisiana Legislature (EMT), 2015).  
The Joint Commission and the AHA/ASA partnered with Louisiana to increase the number of 
hospitals designated as Primary Stroke Centers (PSCs), as well as those hospitals classified at the 
higher level of Comprehensive Stroke Centers (CSCs). Other Louisiana hospitals are actively 
engaged in AHA/ASA-sanctioned educational and outreach programs designed to enhance the 
facility’s ability to respond to an emergency, which can elevate a facility’s ranking to an Acute 
Stroke-Ready Hospital (ASRH) (Joint Commission, 2015b). This collaboration increased the 
number of facilities capable of providing appropriate level healthcare in the event of a life-
threatening medical emergency to 71 in 2015 (Building a Stroke System in Louisiana, 2015) 
(Table 3.1). 
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Table 3.1: Excerpted Joint Commission and AHA/ASA designation criteria 
  
Joint Commission 
AHA/ASA 
Designation 
Neurological Services 
 
Treatment Capabilities 
 
 
ASRH 
Within 3 hours 
IV thrombolytics; Anticipate transfer of 
patients who have received IV 
thrombolytics 
 
 
PSC 
Within two hours; OR is 
available 24/7 
IV thrombolytics; May have the ability to 
perform the following: Neurovascular 
interventions for aneurysms, Stenting of 
carotid arteries, Carotid endarterectomy, 
and Endovascular therapy 
 
 
CSC 
24/7 availability 
IV thrombolytics; Microsurgical 
neurovascular clipping of aneurysms; 
Stenting of extracranial carotid arteries, 
Carotid endarterectomy, and Endovascular 
therapy 
Joint Commission and AHA/ASA, 2015 
 
As of 2015, 72 pre-hospital agencies provided emergency medical transport services recognized 
by Louisiana (Louisiana Legislature, 2015). Of these providers, LERN entered into a bypass 
agreement with 33 pre-hospital agencies. This agreement asserts that when people are in need of 
time-sensitive medical care and treatment, pre-hospital agencies providing emergency medical 
transport and LERN, acting through the LERN Communication Center, will use best efforts to 
facilitate the movement of patients with the goal of transporting patients from the pre-hospital 
setting to the most appropriate definitive care facility. Regional and other jurisdictional 
boundaries are not used to determine transport destination in cases where the emergency medical 
technician determines that the LERN protocol is warranted.  
Of the 33 signatory providers, 22 are equipped for emergency medical air transport (LERN, 
2014; Louisiana Legislature, 2015). Regulated emergency medical air transport is divided into 
two categories: 1) rotary-wing aircraft and 2) fixed-wing aircraft. This analysis will focus on the 
impact of rotary-wing aircraft used in emergency medical air transport in Louisiana because the 
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laws governing fixed-wing aircraft have much tighter restrictions on jurisdictional boundaries 
and flight path and distance. The major benefit of rotary-wing emergency medical air transport is 
the ability to land at a variety of locations without the need of a supplemental ambulance. With 
average air speeds of over 150 mph, and with unimpeded travel, patients receive definitive care 
in a short period of time. According to the Atlas and Database of Air Medical Services 
(ADAMS), rotary-wing air transport is restricted to use during emergency situations that can be 
reached within a 15-minute response time, based on a 5-minute launch time and a 10-minute 
flight time. This flight time was calculated by optimizing fuel weight and useful weight. The fuel 
weight is lowered because the useful weight requirements that include equipment and specially 
trained personnel are much higher on emergency medical air transport flights. Therefore, the 
flight time will be truncated (ADAMS, 2015). Given Louisiana’s natural features that can 
impede travel (e.g., rivers, lakes, marshes, etc.), emergency medical air transport is a vital 
component in Louisiana’s overall effort to provide timely access to healthcare.  
 
Louisiana Responds to Emergency Healthcare Needs 
 
Since 2012, LERN and State Department of Health and Hospitals have partnered with the Joint 
Commission and the AHA/ASA to increase the number of Louisiana’s citizens who have timely 
access to adequate healthcare in the event of an emergency. This collaboration increased the 
number of facilities with the capacity to respond to life-threatening events from 12 in 2012 to 71 
by 2015. Louisiana’s plan for improving response times to emergency medical events, resulting 
from these public/not-for- and non-profit sector partnerships, involves increasing the number of 
certified stroke centers across the state. The number and location of hospitals capable of 
responding with this level of emergency medical care are expected to change over the next 
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decade. Proposed changes include building three new PSCs, bringing existing hospitals into the 
Stroke Care System through educational activities sponsored by the Joint Commission and the 
AHA/ASA, and implementing telemedicine protocols. 
 
Data and Methods 
The Louisiana Oil Spill Coordinator’s Office (LOSCO) Environmental Baseline Inventory (EBI) 
data catalog was used to compile natural impedances to drive time such as Managed and Forest 
Areas, Rivers and Streams, Lakes, and Marsh Land (lagic.lsu.edu/loscoweb/). ArcGIS 10.3 was 
used to visualize the geographic distribution of these travel impedances. The 71 Joint 
Commission and AHA/ASA-designated CSCs, PSCs, and ASRHs for Louisiana, as well as 
comparably accredited facilities in neighboring states that exist within the maximum 90-minute 
travel-time-to-treatment used in this study were geospatially located.  
A road network was built using the U.S. Department of Transportation’s National Highway 
Planning Network (NHPN) database. According to the ArcGIS Services Directory (2015), the 
NHPN is a comprehensive network database of the nation’s major highway system covering all 
50 states plus the District of Columbia and Puerto Rico. Allowing users to view the U.S. road 
network at national, state, county, and city levels, the map is broken out by road type and shown 
at different scales. The geospatial dataset serves the Federal Highway Administration (FHWA) 
needs in highway planning, policy analysis, visualization of the Highway Performance 
Monitoring System (HPMS) database, and network modeling.  
The NHPN road network for Louisiana was used to identify 30-, 60-, and 90-minute travel-time-
to-treatment polygons for each of the 71 identified critical care facilities. These polygons were 
overlaid on census blocks within Louisiana to categorize neighborhoods as being either within a 
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30-, 60-, or 90-minute travel-time-to-treatment polygon or beyond the 90-minute maximum 
travel-time-to-treatment distance recognized in this study.  
Locations of Pre-Hospital Agencies that have entered into an agreement with LERN to provide 
emergency medical transport were obtained through the Louisiana Department of Health and 
Hospitals. Among these agencies, 22 provide emergency medical air transport. ArcGIS 10.3 was 
used to geospatially locate these 22 rotary-wing providers. Service areas based on a Euclidean 
distance formulated using a 15-minute response time and an average airspeed of 150 mph were 
created using geoprocessing tools within ArcGIS 10.3. 
Population data and census block boundaries were obtained from the U.S. Census Bureau and 
parish-level poverty data were mapped to identify neighborhoods outside the travel-time-to-
treatment zones and with poverty levels between 34% and 48%. 
 
Results 
Louisiana has over 51 natural impedances that can effect timely access to medical care and those 
impedances include: six large bodies of water (the Mississippi and Red Rivers, Toledo Bend, 
Lake Pontchartrain, and the Gulf of Mexico), nineteen State Parks, two State Forests, two State 
Historic Sites, twenty-two State Wildlife Management Areas, three State Wildlife Refuges, one 
National Forest (Kisatchie National Forest), two National Historic Parks, two National Wildlife 
Areas, and nine National Wildlife Refuges. These impedances complicate timely access, and 
hence travel time computations, to medical care in Louisiana (www.stateparks.com) (Figure 3.1).  
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  Figure 3.1: Louisiana: natural landforms and waterways.  
 
The healthcare facilities under examination in this study have a geographic distribution that is 
closely associated with Louisiana’s population density. LERN designations categorize medical 
facilities according to their abilities to respond to cardiovascular events. ACSHs are evenly 
distributed across the state with the exception of the centrally located LERN Region 6 
encompassing the parishes of Avoyelles, Catahoula, Concordia, Grant, LaSalle, Rapides, 
Vernon, and Winn, which has only two ACSHs and one PSC. All other PSCs and both CSCs are 
located in the densely populated southeastern area of Louisiana, which contains the cities of 
Lafayette, Baton Rouge, and New Orleans (Figure 3.2). This figure illustrates the geographic 
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maldistribution of CSCs, PSCs, as well as deficiencies in the number of ASRHs in the central 
portion of the state. 
 
Figure 3.2: LERN Regions and LERN-, Joint Commission-, and AHA/ASA-designated medical 
facilities. 
 
ArcGIS 10.3 Network Analyst’s service area analysis was used to describe geographic 
accessibility to emergency care facilities by 30-, 60-, and 90-minute drive-time-to-treatment 
zones. This description was used to identify areas where underserved neighborhoods may be 
located. Once these zones were overlaid on the census blocks within Louisiana, the geographic 
distribution, as well as some demographic characteristics, of the population outside these service 
area zones were examined (Figure 3.3).  
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Figure 3.3: Service area polygons: 30-, 60-, and 90-minute zones. 
 
There are 18,643 populated census blocks outside the optimal 30-minute drive-time-to-treatment 
zone, representing approximately 462,087 Louisiana citizens. This underserved population is 
10.3% of Louisiana’s total population of 4.4+ million people, representing 28,734 men over the 
age of 65 and 37,112 women in the same age group. Geographically distributed across the state, 
the highest concentrations of underserved reside in the sparsely populated parishes of the north 
central portion of the state as well as those parishes along the southernmost coastlines and 
shorelines. Approximately 12,000 census blocks are beyond the 30-minute drive-time-to-
treatment zone yet are still within the so-called “golden hour,” 60-minute, drive-time-to-
treatment that increases the likelihood of a positive outcome in any time-sensitive medical 
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situation. A total of 75,565 people, or 1.7% of Louisiana’s citizens reside in 3,543 populated 
census blocks between these 30- to 60-minute drive-time-to-treatment zones, including 4,864 
men and 6,310 women over the age of 65. These Louisianans are concentrated in the parishes of 
Cameron and Plaquemine in the south, Sabine and Beauregard along the western border of the 
state, and a number of parishes along the northeastern and eastern borders. These include 
Morehouse, East and West Carroll, Madison, Tensas, Concordia, and Avoyelles parishes. 
Approximately 10,681 residents are outside of the 90-minute travel-time-to-treatment service 
area boundary. Of those citizens, 13%, or 1,395, residents (n=592 men and n=803 women) over 
the age of 65 are without timely access to an accredited stroke center. The geographic 
distribution of these 515 census blocks reveals the underserved population resides in the extreme 
northeast of the state in Morehouse, Madison, East and West Carroll parishes, and in the extreme 
southeast parish of Plaquemines (Table 3.2). 
 
Table 3.2: Underserved populations: citizens residing in neighborhoods outside each drive-  
time-to-treatment zone.  
 
 
Louisiana rotary-wing emergency medical air transport service area zones are determined by 
average airspeed (150 mph) and based on response times of 15-20 minutes. The use of 
emergency medical air transportation shortens the amount of time needed to access adequate 
emergency medical services in the event of medical emergency for some Louisiana residents. 
This addition does not expand the service area of Louisiana’s Stroke Centers to include the 
underserved population in this study (Figure 3.4).  
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Figure 3.4: Louisiana rotary-wing emergency medical air transport service area zones.  
 
 
 
 
Discussions 
 
Poverty is a factor in all discussions of public health. The percentage of the population living in 
poverty in the U.S. is 14.5%, while the percentage for Louisianans is 20.1%, with a range from 
8.7% (well below the national and state averages) to 48% (well above the national and state 
averages). Neighborhoods in East Carroll and Madison Parishes identified as outside the 
maximum 90-minute drive-time-to-treatment zone also have Louisiana’s highest percentage of 
poverty (>35%) (Figure 3.5).   
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Figure 3.5: Percent of the population living in poverty 
 
. 
 
 
Study Limitations 
 
One of the limitations of this particular implementation of the travel-time-to-treatment method is 
that an average speed limit of 55 mph was used to calculate these times for each road or highway 
in Louisiana. While 55 mph is the average speed limit in Louisiana, there are areas where the 
speed limit is greater (rural and urban Interstate Maximum Speed Limits), and areas where the 
limit is lower, (residential areas and school and other such restricted speed zones) (National 
Highway Safety Administration, 2010).  
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Additionally, Louisiana’s geographic landforms that complicate the calculations involved in 
determining service areas with regard to healthcare access include shorelines, coastlines, and 
islands. These and other natural and manmade impendences can result in travel times that 
negatively impact survival outcomes.  
A factor that affects the accuracy of these analyses is the implementation of Pre-Hospital Agency 
bypass agreements that allow for certain emergency medical transport service providers to 
bypass the closest hospital in favor of the closest hospital with the capacity to provide adequate 
levels of specialized care. Although LERN encourages participation in the state’s emergency 
network, many of these agreements are entered into by individual hospitals and the emergency 
service providers of local political and geographic entities within the state. These could be 
county or municipal providers or other agencies that provide services to unincorporated areas 
outside these county and municipal jurisdictions (Louisiana Legislature, 2015).  
 
Conclusions  
ArcGIS 10.3 Network Analyst’s Service Area Analysis tool was utilized to assess geographic 
accessibility to emergency care facilities by 30-, 60-, and 90-minute drive-time-to-treatment 
zones. Approximately 462,087 Louisianans reside outside the optimal 30-minute drive-time-to-
treatment zone (n=28,734 men 65+) (n=37,112 women 65+) with the highest concentrations of 
underserved found residing in the lightly peopled parishes of north central Louisiana as well as 
those parishes along its southern boundary. Another 75,565 residents were identified as living 
between the 30- and 60-minute drive-time-to-treatment zones (n=4,864 men 65+) (n=6,310 
women 65+). Concentrations of the identified underserved population were found in the southern 
parishes of Cameron and Plaquemine, western border parishes Sabine and Beauregard, and a 
number of parishes along the northeastern and eastern borders, (i.e., Morehouse, East and West 
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Carroll, Madison, Tensas, Concordia, and Avoyelles parishes). Yet another 10,681 residents 
(n=592 men 65+) (n=803 women 65+) were located outside of the 90-minute travel-time-to-
treatment service area boundary in the extreme southeast parish of Plaquemines and in 
Morehouse, Madison, East and West Carroll parishes in the extreme northeast of the state. 
The use of emergency medical air transportation shortens the amount of time needed to access 
adequate emergency medical services in the event of medical emergency for some Louisiana 
residents but does not expand the service areas to include the underserved population in East 
Carroll and Madison Parishes, which also have Louisiana’s highest percentage of poverty. 
The Network Analyst’s Service Area Analysis tool of ArcGIS 10.3 can be used to identify 
geographic disparities in healthcare access to emergency assistance in the event of a time-
sensitive, life-threatening condition. This identification permits recognition of neighborhoods 
with underserved populations and an exploration of the benefits of the use of GIS to describe 
geographic disparities in access to healthcare for treatment of medical emergencies in Louisiana.  
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CHAPTER 4 
CONCLUSIONS 
 
The GIS-based studies conducted in this thesis represent the nexus of technological 
innovations and public health surveillance capability initiatives, wherein the capacity to partner 
and collaborate across disciplines and among stakeholders will continue to be a principal 
element. This conclusion summarizes and integrates findings from both studies, discusses the 
merits and limitations of integrating GIS into a collaborative statewide approach to the analysis 
of AAAO screening data and screening event scheduling, and relates incidental findings while 
suggesting topics for future research. 
 
Summary of Study Methods and Findings 
 
GeoDa, a spatial statistics software package, and ArcGIS, a geographic information 
system (GIS) platform, were developed to manage spatial data, perform complex statistical 
spatial analysis, and aid in the geovisualization of the results of these analyses. Utilizing these 
two systems in a combined approach to the analysis of abdominal aortic aneurysm (AAA) 
screening, screening event location selection, and hospital location decisions, researchers can 
pinpoint areas of greatest concern for targeted screening activities and isolate disparities in 
geographic access to healthcare in these same areas of risk. Exploratory Spatial Data Analysis 
(ESDA) is well-suited to the endeavors undertaken in these studies which can ultimately lead to 
a reduction in the number of deaths that result from ruptured abdominal aortic aneurysm 
(rAAA). Additionally, Service Area Network analysis provides an optimal method for 
identifying areas and populations with high and low accessibility to healthcare services, and 
specifically certified stroke centers and screening locations. 
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This study continues the application of these methods while including AAAO screening 
data, efforts of AAAO to monitor a specific emergency medical condition, and the potential for 
future collaboration among stakeholders in both the public- and private-sectors of healthcare 
delivery. A defining difference in this investigation is the use of census blocks to identify 
underserved neighborhoods. These smaller aggregation units allow for finer analysis. 
Additionally, underserved populations were distinguished by age, allowing for identification of 
the most vulnerable, at-risk populations for rAAA.  
Collected screening data equaled 1.2% of the age eligible population (10,633/894,827), 
of which dilations were observed in 323, or 3% of participants. Participants were from 5,621 of 
Louisiana’s 204,439 unique census blocks. Dilations were observed in residents of 312 of these 
neighborhoods. In population comparisons of chronic conditions surveilled by AAAO, Louisiana 
demonstrated an increased percentage of diagnoses over the national percentages in a cluster of 
cardiovascular disease (CVD) risk factors (e.g. sedentary lifestyle, obesity, high blood pressure, 
and high cholesterol) and in the percentage of the population who has ever smoked. Diabetes, an 
attendant condition of other known AAA risk factors, was found to have the lowest prevalence 
among aneurysmal participants. There may be a “protective effect” related to diabetes 
(Blanchard, Armenian, & Freisen, 2000; Le et al., 2007; Shantikumar et al., 2010). At the very 
least, an inverse negative association exists. Thus, diabetes was excluded from the Local 
Indicators of Spatial Association (LISA) statistical analysis.  
Smoking is the risk factor most closely associated with AAA (54.5% of aneurysmal 
participants). Fifty-seven of Louisiana’s 64 parishes had smoking populations higher than the 
national average (18.4%). Eleven parishes had CVD risk factor composite z-scores greater than 
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one. LISA cluster analysis revealed 11 parishes with statistically significant spatial clustering for 
smoking and CVD risk factors composite z-scores.   
Sixty-nine screening events were conducted by AAAO between 2001 and 2014. Ninety-
one percent of screening participants lived within 30 minutes of previously conducted screening 
events. Twenty-five percent of age-eligible residents (219,941/894,827) live outside the 30-
minute-drive-time-to-screening-event service zones. The Network Analyst’s service area 
analysis identified 21,516 residents of Louisiana as a high risk underserved population (n=9,582 
men 65+) (n=11,934 women 65+). 
The 71 PSCs, CSCs, and ASRHs under examination are geographically maldistributed 
with the greatest deficiencies in the number of facilities in the central portion of the state. There 
are 18,643 populated census blocks (n=462,087) outside the optimal 30-minute drive-time-to-
treatment zone. This underserved population is 10.3% of Louisiana’s total population of 4.4+ 
million people (n=28,734 men 65+) (n=37,112 women 65+). Approximately 10,681 residents in 
515 census blocks are outside of the 90-minute travel-time-to-treatment service area. Thirteen 
percent, or 1,395 residents (n=592 men 65+) (n=803 women 65+) are without timely access to an 
accredited stroke center.  
The geographic distribution of the underserved population extends across the extreme 
northeast of the state in Morehouse, Madison, East and West Carroll parishes, and in the extreme 
southeast parish of Plaquemines. Louisiana has over 51 natural impedances that complicate 
timely access, and hence travel time computations, to emergency medical care. Louisiana rotary-
wing emergency medical air transport service area zones, determined by average airspeed (150 
mph) and based on response times (15-20 mins.) show their inclusion in the analysis of 
accessibility does not expand the service area of Louisiana’s stroke center network to include the 
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underserved population. In this study, neighborhoods in East Carroll and Madison Parishes, 
identified as outside the maximum 90-minute drive-time-to-treatment zone, also have 
Louisiana’s highest percentage of poverty (>35%). 
In a discussion of travel distance versus travel time study designs, Boscoe et al. (2012) 
suggested that although in most instances the differences are inconsequential, in urgent medical 
situations, the use of travel-time-to-treatment utilizing readily-available travel time data is 
preferable over the Euclidean distance model. In instances wherein minor differences in travel-
time-to-treatment can mean the difference in survival, the use of travel-time-to-treatment better 
takes into account such variables as distance, speed limit, topography, and land use restrictions.   
 
Healthcare in Louisiana and GIS 
 
Louisiana was one of seven states whose health departments were chosen to join the 
CDC’s Building GIS Capacity for Chronic Disease Surveillance Training Project in 2011. 
Similarities exist between the chronic conditions of interest to the CDC and monitored through 
this project and the risk factors known to be associated with AAA. In addition to increasing the 
use of GIS, enhancing partnerships was prioritized in Louisiana. Such a collaboration between 
Louisiana’s Department of Health and Hospitals (LA DHH), conducting screenings at parish 
health units, and AAAO would create expanded screening event service areas. This partnership 
between the LA DHH’s parish health units and AAAO could reach all but 34,743 Louisiana 
residents who meet the age criteria for AAAO screening. 
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Aggregation Level Choices 
The most prominent hurdle presented by this analysis dealt with the choice, based on 
availability and capacity for meaningful display, of data aggregation levels. Data aggregation 
level choices are predicated on the need to balance the privacy rights of individuals while also 
avoiding the pitfalls of ecological fallacy – the inference of results to scales finer than the 
collected data allow. The following comparison of the various scales that demographic data are 
commonly aggregated to, or disaggregated from, elucidates the advantages and disadvantages of 
each aggregation level (Table 4.1).  Summary statistics are useful, but reveal little to no spatial 
information, while address level data provide numerous spatial analysis options.  
 
Table 4.1: Common aggregation levels for public health data.  
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Data Collection and Database Development 
Another factor in the efficacy of this thesis is the manner in which data were collected, 
processed, and stored. With respect to the American Community Survey (ACS) and the 
Behavioral Risk Factor Surveillance System (BRFSS), certain segments of the population are 
underrepresented by telephone surveys that exclude households without telephones. AAAO’s 
data collection involves an interview during which a questionnaire is completed.  The most 
common issue encountered in mining the screening data was a lack of consistency in the manner 
in which participant responses to the AAAO questionnaire were recorded. The implementation 
of a formal standardized procedure for recording responses is advised. Additionally, the accuracy 
of self‐reported information is affected by one’s ability to accurately recall past behaviors or 
health screening results. Respondents typically underreport socially undesirable, unhealthy, or 
illegal behaviors, while they over report more desirable behaviors. Additionally, death certificate 
veracity from the Underlying Cause of Death data can be questionable in the absence of an 
autopsy or a previous AAA diagnosis, with cardiovascular events being the most common 
scapegoat for undetected AAA-related deaths.  
 
Incidental Findings and Future Research 
The evolving landscape of Louisiana’s emergency healthcare delivery capabilities should 
guide future research regarding geographic accessibility to emergency medical care and the 
effectiveness of AAAO’s screening program. It is recommended that Service Area Network 
analysis be continually updated to reflect these changes in Louisiana’s emergency healthcare 
delivery system to ensure that all residents have timely access to emergency medical care. 
While creating the list of facilities for network analysis, a number of residents who would best be 
served by seeking emergency medical assistance outside the state were discovered. Although 
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beyond the scope of this study, an investigation into any revenue lost by either public- or private-
sector entities as a result of this phenomenon is suggested by the results of this analysis.  
Another avenue for future research is the potential effect that weather may have on AAAs, 
specifically of barometric pressure on the incidence of rAAA. A body of literature notes an 
association between rupture and changes in atmospheric pressure (e.g., Brightwell et al. 2014; 
Krdzalic et al. 2014; Robert et al. 2014; Takagi et al. 2014). Future research focused on 
identifying areas that regularly experience periods of low pressure or are subject to extreme 
shifts in barometric pressure, may prove useful in surveillance management and predictive 
modeling.  
Research that utilizes the screening data from AAAO, the nation’s only 501(c)(3) 
organization dedicated to the eradication of death from AAA, has the potential for enormous 
impact on both screening event planning and the location of new hospitals or community health 
centers. The results of such research will ultimately improve Louisiana’s healthcare delivery 
system. 
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